Introduction
Two major waves of activities may be discerned in municipal action on climate change since the 1990s. Th e fi rst involves individual cities and transnational municipal networks, such as ICLEI's Cities for Climate Protection (CCP), Climate Alliance, and Energy Cities, which started to mobilize action for reducing greenhouse gas (GHG) emissions (Kern and Bulkeley 2009 ). For the most part, national governments and the emerging international regime for governing climate change showed little interest in these activities (Bulkeley and Betsill 2003;  for an exception, see Sugiyama and Takeuchi 2008, 425) . It was dominated by a few pioneer cities, predominantly in North America and Europe, and it focused on mitigation (Bulkeley and Betsill 2003; Bulkeley and Kern 2006; Alber and Kern 2008) . Th e second wave is more recent, where transnational municipal networks have grown and multiplied and a more geographically diverse range has emerged. Th e emergence of the C40 Cities Climate Leadership Group and the Rockefeller Foundation Climate Change Initiative, together with the continued work of ICLEI, is leading to increasing involvement of global and megacities in the urban climate change agenda. At the same time, the predominant focus on mitigation is giving way to the emergence of municipal climate policy in which both mitigation and adaptation are considered signifi cant.
Th e research and evidence base is lagging behind this new trend. Th e earliest work on local climate policy and governance was conducted in the mid-1990s
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(such as Collier 1997; DeAngelo and Harvey 1998; Harvey and Danny 1993; Lambright, Chagnon, and Harvey 1996) , and a large body of research has now been accumulated (for a review see Betsill and Bulkeley 2007) . However, this research has tended to focus on mitigation and individual case studies, predominantly in cities in Australia, Canada, Europe, and the United States (see Allman, Fleming, and Wallace 2004; Betsill 2001; Bulkeley 2000; Bulkeley and Betsill 2003; Bulkeley and Kern 2006; Davies 2005; Kousky and Schneider 2003; Lindseth 2004; Yarnal, O'Connor, and Shudak 2003) , although important work has been conducted in Asia, Mexico, and South Africa (Bai 2007; Dhakal 2004 Dhakal , 2006 Holgate 2007; Romero-Lankao 2007) and work has begun on urban climate adaptation in the global South (see Alam and Rabbani 2007; Huq and others 2007; Satterthwaite and others 2008) .
Th ere has also been a tendency to focus on "leaders, " those cities that have been fi rst-movers on the issue of climate change, whatever their signifi cance in political and climate terms. As a result, we know little about the particular challenges for global and megacities-which may be both the most signifi cant in carbon terms and the most important in relation to the impacts of climate change-and how climate change is being addressed in "ordinary" cities across the world. Th is research agenda may be particularly challenging because, as Bai and Imura (2000, cited in Bai 2007, 22) found, environmental issues facing "today's developing cities are complex in nature, as poverty-related issues, industrial-pollution-related issues, and consumption-and lifestyle-related issues are manifesting themselves in a telescoped, compressed manner. "
The Challenges of Urban Governance and Planning
Climate change presents a number of challenges for urban governance and planning, in terms of both mitigation and adaptation.
Mitigating Climate Change
Over the past two decades, the main focus of both urban policy and research with respect to climate change has been on the issue of climate change mitigation-that is, on the reduction of GHG emissions from urban activities. Cities represent concentrations of economic and social activity. Th e International Energy Agency recently estimated that cities may be the location for approximately 70 percent of energy-related carbon dioxide (CO 2 ) emissions (IEA 2008) , and the Stern Review suggests that "by some estimates, cities account for 78% of carbon emissions from human activities" (Stern 2006, 457) . Other researchers have critiqued these fi gures, particularly the implicit arguments that all cities are equally culpable and that it is cities-rather than those that live in themthat are responsible for GHG emissions (Satterthwaite 2008a) . However, in an increasingly urbanizing world with emissions-producing activities concentrated in cities, the question of how municipal authorities and other actors might intervene to reduce their impact remains a signifi cant one.
If urban GHG emissions can be considered part of the climate change problem, municipal action may also be part of the solution. Municipal governments have a (highly variable) level of infl uence over GHG emissions through their roles in energy supply and management, transport, land-use planning, and waste management. Some local authorities focus on emissions over which they have direct control (municipal emissions), whereas others focus on so-called community-wide emissions. In general, municipal emissions account for only a small percentage of the overall GHG emissions from a city, though where a municipality owns the energy or water supply company, such as is the case in Los Angeles, this proportion can rise considerably (Schroeder and Bulkeley 2008) . Schreurs (2008, 353) fi nds that "the kind of climate change initiatives that local governments can most easily do appear to be such activities as climate change and renewable energy target setting, energy effi ciency incentive programs, educational eff orts, green local government procurement standards, public transportation policies, public-private partnership agreements with local businesses, and tree planting. "
Although some municipalities have developed a systematic approach to climate policy through the stages of undertaking inventories of GHG emissions and determining emissions reduction targets, climate change action plans, and various implementation plans, "numerous cities, which have adopted GHG reduction targets, have failed to pursue such a systematic and structured approach and, instead, prefer to implement no-regret measures on a case by case basis" (Alber and Kern 2008, 4 ; see also Jollands 2008) . Despite the range of GHG emissions reduction activities that municipalities could engage with, research has found that "attention remains fi xed on issues of energy demand reduction" (Betsill and Bulkeley 2007, 450 ; see also Bulkeley and Kern 2006) , and primarily orientated around municipal emissions.
Particularly signifi cant are issues of governance capacity, in terms of the ability to regulate GHG emissions, to provide services and infrastructure, and to work with others, enabling action to take place. We fi nd that the literature suggests that policy entrepreneurs, access to additional sources of fi nance, municipal competencies, the framework established by national (and regional) levels of government, the support off ered by transnational networks, and the ability to reframe the issue of climate change within the local context are most critical in building this governance capacity. Th ese factors vary in their significance in relation to the diff erent "modes" of governance under consideration.
For example, municipal competencies are critical with respect to the regulating and provision modes, and sources of additional fi nance and involvement with transnational networks are critical in terms of an enabling mode of climate governance. In the case studies that follow, we consider how these diff erent "modes" of governing climate change have been deployed and with what eff ect.
Adapting to Climate Change
Adaptation policy is crucial for dealing with the unavoidable impacts of climate change, but this has so far been underemphasized at the urban level around the world. Th e economic cost of adapting to the eff ects from climate change will be signifi cant; in Organisation for Economic Co-operation and Development (OECD) countries alone, making new infrastructure and buildings resilient to climate change is estimated to cost around $15 to $150 billion a year (0.05 to 0.5 percent of gross domestic product; Stern 2006) . Adaptation addresses the consequences of climate change, such as heavy rainfall, fl ooding, or extreme temperatures. Th ese are issues already aff ecting societies, independent of their role in causing climate change. As a result, the benefi ts from urban adaptation can be direct for a city, in contrast with the rather indirect benefi ts felt in the case of mitigation in the form of political or economic gains or improvements in the local environment. Not only does adaptation provide many local benefi ts, it can also be realized without long lead times (Stern 2006) . Even though the impetus for economic development has traditionally been viewed as incompatible with considerations for environmental protection or climate change policies, mitigation and adaptation are increasingly being reframed as economic opportunities (Halsnaes and Verhagen 2007; Hay and Mimura 2006; Tanner and others 2008; UK WGCCD 2007) .
Although the notion that adaptation and mitigation can be pursued simultaneously is increasingly being advocated, important trade-off s must also be considered when devising mitigation and adaptation strategies. Some mitigation options may exacerbate urban vulnerability to climate change. For example, although increasing urban density may contribute toward reducing emissions from transport, this will have negative implications for adaptation, such as intensifying the urban heat island eff ect and posing problems for urban drainage. Improving our understanding of the synergies, confl icts, and trade-off s between mitigation and adaptation measures would enable more integrated and eff ective urban climate policy (McEvoy, Lindley, and Handley 2006) .
In addition, adaptation-specifi c challenges make urban governance and planning in this area particularly challenging. Th e lack of data and expertise at the local level is perhaps even more critical when it comes to adaptation than mitigation. Th ere is a lack of scientifi c assessment as to what impacts might be expected and of social, economic, and scientifi c research as to potential impacts and implications of diff erent measures of climate change adaptation in cities (Qi and others 2008; Satterthwaite 2008a; Tanner and others 2008) . A lack of municipal capacity exists with respect to the most vulnerable populations in cities because such groups tend to live outside the formal jurisdictions of municipal governments, are ill-served by urban infrastructures, and may be subject to forms of discrimination and exclusion (Satterthwaite 2008b; Tanner and others 2008) . At the same time, municipal governments have lacked the resources and the wherewithal to fund projects, to engage partners, and to involve communities in responses to climate change. We fi nd a lack of coordination between departments at the municipal level and a strong dependence of local government on the policies and actions in this fi eld by national authorities (Adger, Arnell, and Tompkins 2005; McEvoy, Lindley, and Handley 2006) .
Th ese specifi c challenges mean that, as well as similarities, crucial diff erences are found between the drivers and challenges for adaptation and mitigation at the urban level. Most important, although leadership has been identifi ed in the literature as critical for municipal action on mitigation, this is not the same for adaptation. Municipal leaders can create signifi cant political capital on the issue of mitigation, but addressing adaptation requires a diff erent kind of leadership-based on inclusive or good governance, that is, foresight and the willingness to develop a safety net for citizens, especially for the urban poor. In adaptation, as with mitigation, we fi nd that access to resources to make the necessary structural and capacity investments is crucial. However, as far as adaptation is concerned, municipalities are oft en starting from an infrastructure defi cit-of basic provisioning, especially to the urban poor-that greatly exacerbates the challenge of adapting to climate change.
Rather than being framed as an opportunity-for green growth or addressing other urban environmental problems-we fi nd that adaptation is oft en a marginal concern on the political agenda, given the challenges of meeting basic needs and everyday survival. At the same time, with limited implementation of adaptation policies and measures documented in the literature, to date little evidence is found of political confl icts emerging over climate adaptation in the same manner as is the case for mitigation. However, the research community acknowledges that the "political economy" of adapting to climate change may soon become a critical factor, as contests emerge about how, and for whom, climate change adaptation should take place (Huq and others 2007) .
Urban Climate Change Policy and Action in Cities in the +8 Countries
In this section, we examine the current state of urban climate change policy and action by drawing on 10 case studies of cities in the "+8" countries-those considered most likely in academic and policy circles to be faced with some form of emissions reduction target in the post-2012 era and where many of the world's largest and potentially most vulnerable cities are located. Th is focus directs our attention to what is taking place in cities in the global South and newly industrialized and non-Annex I countries under the United Nations Framework Convention on Climate Change (UNFCCC) (Brazil, China, India, Indonesia, Mexico, South Africa, and the Republic of Korea), as well as in Australia, a country that joined the Kyoto framework in late 2007. Th e case studies-conducted in Beijing, Cape Town, Hong Kong, Melbourne, Mexico City, Mumbai, New Delhi, São Paulo, Seoul, and Yogyakarta-therefore provide important evidence about the drivers and challenges facing cities in rapidly industrializing countries in addressing climate change. Given the range of cities included, and the diff erences in socioeconomic context, insights can be gained from these cases that have broader applicability, though it is recognized that these insights may have limited validity for cities in low-income countries.
Climate Change and the Built Environment
Th e built environment-comprising domestic, commercial, and public buildings-is a signifi cant contributor to global GHG emissions. Th e building sector consumes roughly one-third of the fi nal energy used in most countries, and it absorbs an even more signifi cant share of electricity. Electricity use in commercial buildings is driving peak demand in Japan, the United States, and some of the wealthier countries in the global South. As a result of concerns about the implications for climate change, and historical concerns about energy costs and security of supply, governments in both industrialized countries and the global South have initiated policies to reduce energy consumption in buildings. Most of these policies can be grouped into one of the following three categories: economic incentives (such as taxes or energy pricing), regulatory requirements (such as codes or standards), or informational programs (such as energy awareness campaigns or energy audits). More recently, growth in voluntary publicprivate partnerships (such as Energy Star in the United States and the Carbon Trust Standard in the United Kingdom) and the role of private actors (such as the C40 and the Clinton Climate Initiative) have changed the landscape for improvement by setting more ambitious "stretch" goals for the building industry and its clients and by resetting norms for how energy is used in buildings.
Although historically the main focus of action with respect to climate change and the built environment has been on issues of mitigation, the challenges posed by adaptation are increasingly being recognized. Such challenges are usually framed in terms of "resilient" buildings. One such example is buildings designed to recover quickly from the impact of fl ooding through ensuring that essential services (power, water, and sanitation) experience minimal disruption (such as by placing power sockets above likely fl ooding levels). Although to date little literature on resilient buildings is available, what such buildings might require is subject to signifi cant debate, with some researchers favoring passive low-energy buildings and others placing faith in "smart" buildings (for example, Adaptive Building Initiative 2009; Roaf, Crichton, and Nicol 2005) . Equally, minimal policy initiatives have been taken to realize either of these approaches; achieving adaptation to climate change in the built environment is likely to involve a combination of regulation, fi nancial incentives, information, and voluntary approaches.
Self-governance
Th e mode of "self-governance" has been central to municipal eff orts to address climate change, particularly in cities in the global North. In the sector of the built environment, one popular approach has been to increase the energy effi ciency of municipal operations, either through retrofi tting buildings or through improving the energy effi ciency of appliances (such as offi ce equipment and lighting) used by the municipality. In Cape Town, a target of increasing energy effi ciency within the municipality by 12 percent by 2010 was set. In Yogyakarta, since 2003 a program to retrofi t lights and reduce air-conditioning hours and bulbs in government buildings has been undertaken, and in Beijing, a program of energy effi ciency improvements to government buildings was due to be completed by 2010. In Melbourne, energy-saving behavior among municipal staff members has been encouraged by the promise of a 0.5 percent performance-related pay increase if environmental targets are met; this demonstrates that climate change issues are being mainstreamed within the local authority. In contrast, action in Delhi has been primarily driven by power shortages in the city rather than concerns for climate change per se. Nonetheless, this has led to a comprehensive eff ort at energy conservation, including the banning of incandescent lighting in government buildings and a mandatory requirement for new government buildings to adopt green building technology, including effi cient lighting, heating, ventilation, air conditioning, and water usage (DTL 2008) . Th ese initiatives demonstrate the potentially powerful eff ect that reframing climate change concerns with respect to other issues aff ecting energy conservation in the built environment can have in motivating action at the local level.
As research elsewhere has found, our case studies demonstrate that municipal initiatives in the self-governing mode have also involved the development of "exemplar" or best practice buildings to showcase the possibilities of new technologies and energy effi ciency standards. In Seoul, the municipal government has consulted the German Fraunhofer Solar Research Institute on recycled heat in the new 26-story city hall. In Melbourne, the recently completed Council House 2 building has been recognized as a leading example of what can be achieved within the confi nes of inner-city building sites, reaching the top six-star rating on the Green Star rating scale.
Regulation
Across diff erent countries, research suggests that the built environment is one sector in which the regulatory mode of governing climate change is prominent (Janda and Busch 1993, 1994) . Energy standards for buildings range from voluntary guidelines to mandatory requirements, which may apply to one or many building types. 1 Although mandatory standards are embedded in structures of formal regulation, voluntary standards provide a form of "soft " regulation, oft en used to direct changes in practice on the implicit or explicit assumption that without such improvements mandatory measures will be implemented. Such standards are usually set at the regional or national level. To understand the potential for action with respect to energy standards in the built environment in our case-study cities, a literature review and online survey were conducted to gather information on standards in 81 countries. 2 In terms of the countries in which these case-study cities are based, Australia, China, and Korea have mandatory standards for residential and commercial buildings; Mexico has mandatory standards for nonresidential buildings; and India, Indonesia, and South Africa have voluntary standards for nonresidential buildings, but there are currently no standards in place in Brazil. With its historic independence, Hong Kong SAR, China, has been in a position to implement its own building energy standards. A decade ago, the voluntary Hong Kong Energy Effi ciency Registration Scheme for Buildings was established, which promotes the application of a comprehensive set of building energy codes-for building energy services and setting effi ciency standards for lighting, air conditioning, electrical, elevator, and escalator installations.
3 In 2008, a public consultation on the mandatory building energy codes was conducted, and the necessary legislation was introduced in the Hong Kong Legislative Council during 2010. Despite the prevalence of building energy standards, it is important to note that their eff ectiveness varies greatly from country to country (Koeppel and Ürge-Vorsatz 2007) . Koeppel and Ürge-Vorsatz suggest that eff ectiveness of energy standards may be particularly low in developing countries, given diffi culties with enforcement and even corruption. Even in developed countries, the estimated savings from energy codes range from 15 to 16 percent in the United States to 60 percent in some countries in the European Union.
One problem with national energy standards is that they are usually set at a level to avoid worst practice rather than to encourage best practices. Although municipal governments usually have little infl uence over the levels of improve-ment set by national building energy standards, our case studies show that they can mandate additional measures for the built environment within their jurisdiction that can have an impact on GHG emissions. In Melbourne, a mandatory energy performance requirement of 4.5 stars for offi ce developments greater than 2,500 square meters has been introduced under the municipality's planning powers. In New Delhi, solar water heating systems have been made mandatory in certain categories of buildings, including government offi ces, hospitals, educational institutions, and the hospitality sector, and the use of incandescent bulbs in all new and existing government establishments has been banned (DTL 2008) . Similar standards have been established in São Paulo, where, since 2007, buildings with more than three bathrooms, whether they are homes, apartments, trade, services, or industrial buildings, must use solar water heating systems (TCG 2008) . Mexico City has devised a new "Clean Building Label" for all new construction required as part of its Plan Verde (Mexico City 2008) . Th ese examples show that, even where direct municipal competencies for establishing building standards may be missing, local governments motivated to go beyond standard practice have a range of tools at their disposal to augment the energy performance of the built environment.
Provisioning
In contrast with the use of a regulation mode of governing, we fi nd that governing through "provisioning"-of infrastructures or services, which shape behavioral choices and restructure markets-has been limited with respect to the built environment. We fi nd only one example across our case studies where a municipal authority is involved in directly providing energy-effi cient infrastructures and services, and this is Mexico City. Here the municipality is installing 30,000 square meters of green roofs each year until 2012. It is also launching a new social housing model that integrates green areas, public spaces, and environmental design (Mexico City 2008) . Although formulated as mitigation strategies, these moves address adaptation as well through enabling residents to better cope with extreme temperatures indoors, especially in housing that lacks heating or cooling devices or for residents with limited income. Th e lack of evidence from the other cases of municipalities adopting this role suggests either that municipal governments have a limited role in the provisioning of built environments (such as social housing) in these cities or that they are engaged in other means of providing low-energy services, including enabling and partnership approaches, which we will discuss further.
Enabling
Our case studies show that providing information, reward, and recognition are key means through which municipal governments can enable action by private sector organizations and by individuals. Th e government of Hong Kong SAR, China, has been involved with a program to promote energy effi ciency in homes through reducing the demand for cooling by keeping indoor environments at 25.5 degrees Celsius. In Mumbai, an eco-housing program that has been introduced to encourage environmental effi ciency in residential buildings is a voluntary building certifi cation program for new and existing housing. It is proposed that developers as well as consumers participating in this program will be off ered incentives, and although the incentivization scheme is yet to be fi nalized with the state government, rebates in the form of reduced development charges and assessment taxes have been approved by the Municipal Corporation of Greater Mumbai in principle (MCGM 2008) . As this example demonstrates, fi nancial incentives are also an important element of enabling action to reduce GHG emissions from the built environment. In Delhi, the state government established an Energy Effi ciency and Renewable Energy Management Centre, which provides partial monetary aid to domestic users for the installation of solar water-heating systems, and in Seoul incentives are off ered to buildings with high levels of energy effi ciency.
Our case studies also show that other forms of reward and recognition can be successful in enabling other actors to respond to mitigating climate change in the built environment. In Melbourne, the Savings in the City program involved 30 city hotels in a milestone and reward program to reduce energy and water use and to avoid waste. By providing these businesses with independent recognition of their success-and setting up a degree of competition between them to achieve results-signifi cant savings of GHG emissions have been achieved. Th is example shows that, in addition to providing information and fi nancial incentives, establishing the right frameworks through which communities and businesses can act on climate change is an important aspect of the role of municipal governments.
Partnership
As well as enabling others to act, our case studies suggest that, increasingly, acting on climate change in cities is dependent on a range of partnership and private sector initiatives. In Beijing, somewhat surprisingly given the city's otherwise limited role in climate change policy and the nature of the state, nongovernmental organizations (NGOs) have been important actors in raising awareness about the possibilities of behavioral change for reducing GHG emissions from the built environment through a joint campaign to maintain a 26 degrees Celsius room temperature led by Friends of Nature Beijing. In 2008, the Environmental Protection Department and the Electrical and Mechanical Services Department in Hong Kong SAR, China, drew up a set of "Guidelines to Account for and Report on Greenhouse Gas Emissions and Removals for Buildings (Commercial, Residential or Institutional Purpose) in Hong Kong" (EMSD and EPD 2008) . Th ese guidelines will identify areas for energy efficiency improvement as part of voluntary programs to reduce or off set emissions arising from buildings. Since its introduction, 37 institutions have signed up as Carbon Audit Green Partners, including private corporations, public hospitals, and universities. One further example of this sort of public-private partnership is in Mumbai, where in February 2008 Mumbai-based K Raheja Corp, one of the biggest real estate developers in India, signed the fi rst agreement with Johnson Controls to retrofi t the largest mall in Mumbai under the aegis of Mumbai's membership in the C40 network and with funding provided through the Clinton Climate Initiative (Sinha 2008) .
Two projects from Cape Town also illustrate the growing importance of nongovernmental actors in addressing climate change in the built environment at the municipal level. Th e Kuyasa Low-Income Housing upgrade is the fi rst African project under the Clean Development Mechanism and attained the fi rst Gold Standard status in the world (SSN 2008) . Th e project started in June 2008, with the intention of installing solar water heaters, effi cient lamps, and insulated ceilings in 2,300 existing low-income housing in Khayelitsha, Cape Town, over the next 21 years. Th ese retrofi ts are expected to reduce about 2.85 tons of CO 2 per household per year, and the revenue gained from the selling of emissions credits will be channeled back to setting community-owned energy services and microenterprises, which in turn create local employment (SSN 2008) . At a smaller scale, Sustainable Energy Africa's commercial offi ce built in 2004 has demonstrated the potential of "green buildings" in Cape Town. It was designed to incorporate passive solar design, low energy-and water-use considerations, and maximized recycled building materials; it has been positively evaluated for its low environmental footprint. In developing countries, especially China, India, and other Asian countries, although transport's share of GHG emissions is low, the transport sector is growing much faster than other sectors (Karekezi, Majoro, and Johnson 2003) . Increasing demand for fossil fuels and automobile-oriented infrastructure is leading to greater GHG emissions and deteriorating air quality. Th us, urban transport has become an important sector for achieving GHG emissions reductions targets, although issues of adapting transport infrastructures to climate change have yet to feature substantially on the urban policy agenda.
Th e mitigation strategies taken by cities that have reduced carbon emissions include promoting the capacity and quality of public transport systems, integrating transport and urban planning to facilitate effi cient and low-carbon modes of transport, strengthening transport demand management, increasing investment in cleaner or alternative fuel vehicle technologies, tightening vehicle emissions and effi ciency standards, and encouraging nonmotorized transport, such as biking and walking. Th e governance approaches adopted by municipalities include forms of self-governance (such as staff travel planning, vehicle fl eet fuel switching), regulation (such as emissions standards, planning laws), provisioning (such as of public transport services or of infrastructures for alternative modes of travel), enabling (such as information), and partnerships (such as public-private fi nancing for new modes of transportation).
Self-governance
One of the most common policies with respect to transportation has been for municipalities to replace their vehicle fl eets with alternative fuels. Alternative fuel vehicles are vehicles powered by substantially non-petroleum-based fuels, including compressed natural gas (CNG), methanol, ethanol, propane, liquefi ed petroleum gas (LPG), biodiesel, and electricity. Th is approach has been popular among our case studies, although it should be noted that although these measures are oft en framed in terms of their potential impact in terms of mitigating climate change, there is uncertainty about whether some alternative fuels will in fact lead to a meaningful reduction in GHG emissions. Beijing has about one-third (4,158) of 20,000 buses powered by CNG. Th ree fuel-cell buses began operations in June 2006, and a hydrogen refueling station began operating in November 2006 within the Beijing Hydro Demo Park. About 500 advanced alternative fuel vehicles were used by the Beijing Organizing Committee for the 2008 Beijing Olympic Games and Paralympics, including 20 fuel cell cars, 50 lithium-ion battery-powered electric buses, 25 hybrid buses, and 75 hybrid cars (Zhao 2008) . Th e hybrid vehicles and natural gas-powered vehicles around the village all meet Euro IV emission standards and helped achieve "zero emissions" in the central Olympic area. Th ese vehicles were developed and supported by China's national research and development program, for which the Beijing Olympics was used as a testing ground.
In Seoul, the metropolitan government plans to replace government vehicles with hybrids and to increase the number of CNG buses SMG News 2008) , and in Mexico City there is a plan to replace the entire city government car fl eet with low-emission vehicles. In Delhi, the government has also introduced new vehicles in its fl eet, in the form of modern low-fl oor CNG buses in the city, with plans in place to phase out the existing bus fl eet in the coming years. Th is move follows a 1998 order of the India Supreme Court that all the buses in New Delhi be converted from diesel fuel to CNG and its further decision, despite opposition by the Delhi government, that Delhi's entire public transport fl eet (buses, taxis, and auto-rickshaws) should be converted to CNG by 2003 (Rosencranz and Jackson 2003) . Th is was hailed as a major success for the environmental lobby. As of 2008, there were more than 130,000 vehicles running on CNG in the city (GoD 2008) .
Municipal governments can also seek to improve their own impact on climate change through the transport sector by seeking to change the travel behavior of employees. Usually this is pursued through staff travel plans or education campaigns. One of our case studies provides an example of a more rigorous approach. In early 2008, the mayor of Yogyakarta passed a resolution that forbids city workers living within a 5-kilometer vicinity of municipal buildings to commute to work in motor vehicles, forcing them to use public transportation (Bailey 2008) . Th is approach is unique among our case studies but points to the potential impact that municipalities might be able to have on the culture of transportation in their cities.
Regulation
Th e regulation of emissions and energy effi ciency of vehicles is viewed as the most prominent and widely used tool to improve vehicle fuel consumption and to reduce carbon emissions (Sperling and Cannon 2007, 259) . Th ese standards focus on vehicle effi ciency and emissions for traditional pollutants, such as particulate matter, Nitrogen oxide, and carbon monoxide, but do not include CO 2 explicitly. Nonetheless, reducing such air pollutants can have a positive eff ect on GHG emissions, although this is by no means a certainty. Our case studies show that this has been a popular regulatory measure, refl ecting the connections between transportation, air quality, and health. Since 2005, all new vehicles registered in Mumbai have to comply with Bharat Stage III (equal to Euro III) effi ciency norms, and by 2010, they will have to be Bharat Stage IV compliant (equal to Euro IV). Older vehicles are being taken off the road or being converted to CNG (Takeuchi and others 2007) . In Delhi, all new four-wheeled vehicles have to meet Bharat Stage III norms for emission control. From 2010, this bar will be raised, and vehicles will have to meet Bharat Stage IV norms. Th e implementation of these standards originates in the 1995 Clean Air Campaign by the Centre for Science and Environment, one of India's leading environmental NGOs (Véron 2006) , with the result that, in compliance with India Supreme Court orders, between 1994 and 1996 new fuel-quality standards were introduced in India's four major cities, including Delhi.
In Hong Kong SAR, China, vehicles meeting the energy effi ciency and exhaust emission criteria can have the First Registration Tax reduced. 5 In Delhi, a similar mixture of standard setting and incentives is seen. Th e state government also has initiated a program to provide a 30 percent subsidy on the purchase of battery-operated vehicles in the city. It is funding this subsidy from the diesel tax it has levied since early 2008. Th e program, which is also supported by a subsidy provided by the central Ministry of New and Renewable Energy, was introduced at a time when the price of crude oil was skyrocketing. Th e government is keen on encouraging the use of alternate fuel and is particularly eager to reduce the number of diesel vehicles, which currently account for 30 percent of the city's automobiles population of the city (MNRE 2008) . Th ese examples suggest that regulation may be most eff ective when it is combined with other, more enabling, modes of governing.
Beyond regulating vehicle standards and emissions, there is little evidence that our case-study cities deploy the regulatory mode of governing in the transport sector. One exception is Mexico City, where restrictions are placed on a car one day per week, based on a car's license plate number. In 2008, these restrictions were extended to include Saturdays. Mexico City also introduced a pilot scheme for mandatory school bus transportation in 2008 with 34 schools that will enforce the use of school buses for all private school students by 2012. Another example is Beijing, which had a two-month-long vehicle control program in place based on odd-even license plate numbers for the Olympic Games in 2008. Beginning in October 2008, the city started a vehicle-driving control based on the last digit number of license plate numbers so that each vehicle can drive only four days out of every fi ve working days (Xinhua News 2008).
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Provisioning
Improving the effi ciency and coverage of public transportation is critical for encouraging the public to change their travel mode to reduce energy use and emissions associated with the growth of private motorized transport. In this context, many municipalities are playing critical roles in providing infrastructures that promote less carbon-intensive travel. For example, large-capacity buses, light-rail transit, and metro or suburban rail are increasingly being used for the expansion of public transport. In some cases, municipalities are the direct providers of such services, and elsewhere they are critical actors in building the necessary infrastructure for their operation.
Providing a higher-quality public transport system is regarded by our casestudy cities as an effi cient and eff ective approach to reducing traffi c jams, air pollution, and carbon emissions. Most cities have made enormous investments in public transport infrastructure and plan to continue doing so. Hong Kong enjoys a well-developed mass transit system; 90 percent of the 11 million commuter trips each day are made on the public transport system, 7 and plans are under way for fi ve diff erent extensions in the next fi ve years. Th e state of São Paulo invested $7.285 billion during 2007-10 to upgrade the metropolitan subway and other public transport systems, using funds from the Inter-American Development Bank (SSP 2008) . Th ese investments will help modernize train lines and build 100 kilometers of new lines for buses in the city of São Paulo, Santos, and Campinãs (TCG 2008) . By 2010, these upgrades were expected to have reduced 700,000 tons of GHGs, generating credits that can be sold in the clean development mechanism (CDM) markets (SSP 2008) .
Over the past decade, Beijing has invested heavily in public transport infrastructure such as buses, bus rapid transit (BRT) lines, subways, and public transport transfer systems to improve air quality to meet the requirements of the 2008 Olympic Games. Beijing had only two subway lines, 54 kilometers long, in 2001 when the city won its bid for the Olympics. By 2008, six more lines had been built, extending the network to 200 kilometers and establishing new subway networks in north and central Beijing. Th ree BRT lines have been built in Beijing to link the center of the city to the east and north (Greenpeace 2008) .
Similarly, in Delhi, the fi rst phase of the Delhi metropolitan railway system (metro) came into operation in December 2002. Th e second phase of the system has been under construction with completion in 2010, in time for the Commonwealth Games. Th e project is a combination of surface and over-ground trains. At the same time, BRT lines also have been opened in some parts of Delhi. Th e BRT system has exclusive bus lanes operating in the central verge of the road. It also dedicates a lane for cyclists and improves pedestrian crossings and paths. Bus travelers, cyclists, and pedestrians are reported to be satisfi ed with the new system, but there has been major criticism of severe traffi c congestion in some areas caused by the reduction in the number of lanes for other vehicles (Hidalgo and Pai 2009) . BRT systems (MyCiTi bus services) were also introduced in Cape Town in time for the 2010 World Cup to reverse a recent trend toward the use of private motorized vehicles and informal minibus taxis. Th ese last three examples demonstrate the importance of global events in shaping urban transport infrastructures, a point to which we will return.
As well as providing for public transport, municipalities can also develop infrastructures for alternative modes of transport, a less common approach in our case studies. One example is in Seoul, where a free bike program was launched in August 2007 following the example of Paris . Approximately 200 bike stations will be provided in the Songpa-gu area, where cycle routes are well established, and there are about 5,000 bikes. Th e project will be expanded to other areas of the city but to a degree remains hampered by the lack of infrastructure such as cycle routes and bike racks. Mexico City has a plan to build about 300 kilometers of bicycle highways by 2012 to help reach the government target of at least 5 percent of person-trips to be made by bike. Primarily, though, it is clear that across our case-study cities, the provision of public forms of transportation is favored over nonmotorized alternatives.
Enabling
A key aspect of the enabling mode of governing for transportation has been the use of incentives. One approach has been to adopt economic incentive policies such as pricing policies to encourage the shift to public modes of transport. To resolve the problem of public transport use being well below capacity, the Beijing municipal government started an integrated circuit (IC) card ticket system, replacing the paper tickets used for more than 50 years (Li, Yunjing, and Yang 2008) . Th e IC card can be used for both buses and subways, and there is a discount for using IC cards on buses and BRT lines. It currently costs 1 yuan ($0.13) for a regularly priced bus ticket; therefore, with an IC card, an adult need pay only 0.4 yuan ($0.06) and a student 0.2 yuan ($0.03) per trip. Th e price subsidies for public buses and subways are fi nanced by the Beijing municipal government and have led to increased use of these services, especially by senior retired persons. Th e Seoul government encourages citizens to travel on public transport by charging a price for travel anywhere within Seoul of approximately $1 SMG News 2008) . Incentive programs have also been used to encourage the use of alternative fuels. In 2000, Hong Kong SAR, China, introduced an incentive program to replace diesel with LPG, and by the end of 2003, nearly all taxis had switched to LPG, although this may not in fact reduce GHG emissions. A similar scheme was adopted in 2002 for light buses to replace diesel with LPG or electricity, and thus far, 2,500 light buses have done so (EMSD 2008) . In Mexico City, the use of nonmotorized transport is also promoted through the use of incentives.
A second set of strategies for enabling the governance of transportation systems relies on information. Some cities, working with national governments or on their own, adopt public campaigns to increase public awareness and knowledge of cleaner transportation. China launched its fi rst nationwide urban public transport week in September 2007, with 108 cities participating (including Beijing) and a theme of "Green Transport and Health" to raise residents' awareness of energy savings and environmental protection. Th e campaign encouraged people to walk, ride bicycles, and take public transport. Along with other cities, Beijing set September 22 as No Car Day for one area of the city, which was opened only to pedestrians, bicycle riders, and taxi and bus passengers between 7 a.m. and 7 p.m.
10 Seoul also held a Car Free Day on September 22, 2008, which was estimated to reduce CO 2 emissions by 10 percent. Simi-lar awareness-raising initiatives have also been developed in Melbourne, and in the Greater Melbourne area, the city of Darebin promotes "living locally" through informing residents of the services available locally to reduce demand for travel.
Partnership
In contrast with the built environment sector, in the arena of transportation, we fi nd few examples of partnerships between municipalities and nonstate actors seeking to address climate change. One exception is in the state of São Paulo, where the fl ex-fuel technology, which enables vehicles to run either ethanol, gasoline, or a mix, has been developed in collaboration with international manufacturers such as Fiat, GM, Peugeot, and Volkswagen. On this basis, the state-led Motor Vehicle Pollution Control Program (PROCONVE) sets standards for gasohol, ethanol, CNG, and diesel vehicles. Although it does not cover CO 2 , nitrous oxide, or sulpher oxide directly, between 2010 and 2020 cumulative CO 2 emission reductions in the state resulting from this program are expected to be between 2.6 to 57.2 million tons of CO 2 (Hewlett Foundation 2005).
Another case is that of the Delhi Metro Rail Corporation (DMRC), which has registered a project based on regenerative braking in trains as a CDM project with the UNFCCC in 2007. Th is is an example of a "partnership" between a municipal government and the international regime, orchestrated by the CDM board, which also includes private actors. It is expected to earn 400,000 certifi ed emissions reductions (CERs) over a 10-year period beginning December 2007. Th e DMRC will earn Rs. 12 million ($240,000) each year from this project, which will be used to off set additional investment and operatign costs. Another CDM project is being planned wherein the DMRC will claim CERs for the reduction of tailpipe emissions as commuters switch to the metro. Th ese sorts of projects could potentially pave the way for signifi cant sources of fi nance for public transport infrastructures in the global South, though they do, of course, come with all the usual caveats about CDM projects and the benefi ts (environmental, social, or economic) that they may be able to realize in practice.
Urban Infrastructures
Urban infrastructures-for example, energy (electricity and gas networks), water and sanitation systems, urban fl ood drainage, and coastal defenses-are critical in mediating the relation between climate change and cities. On the one hand, inadequate provision of infrastructure or its poor maintenance can exacerbate the impacts of climate change and the vulnerability of urban populations. On the other hand, the nature of utility provision-for example, fossil fuel-based or renewable energy-can infl uence the GHG intensity of daily decisions and the cumulative impact of the city on the global environment. Governing urban infrastructures is, however, a complex matter. Frequently, such systems lie outside the direct control of municipal governments, or, even where they are supposedly the responsibility of local authorities, inadequate funding combined with a lack of recognition of the rights of those living in informal settlements (Satterthwaite 2008b, 11) can lead to their neglect. Th e signifi cant sums of money involved in developing urban infrastructure systems oft en require municipal governments to work in partnership with national governments, private sector actors, and donor organizations, leading to potential confl icts among priorities and problems of interagency coordination. In addition, the planning and development of urban-scale infrastructure systems can take several decades to come to fruition and is frequently unable to predict or track the sorts of social, economic, and environmental changes that might be witnessed over such timescales.
Because of the long time horizons and large fi nancial investments involved, issues of social and environmental justice are particularly pertinent in responding to climate change in the infrastructure sector. As Huq and others (2007, 14) have argued, the "kinds of changes needed in urban planning and governance to 'climate proof ' cities are oft en supportive of development goals. But … they could also do the opposite-as plans and investments to cope with storms and sea-level rise forcibly clear the settlements that are currently on fl oodplains, or the informal settlements that are close to the coast. " In equal measure, mitigation strategies, such as smart meters for demand reduction or the embedding of energy-generation technologies in household infrastructure, could open up new divides between those who are able to pay and participate in mitigation measures and those for whom they will lead to new forms of social and economic exclusion.
Self-governance
In general, the urban infrastructures that municipalities have direct control over tend to be those through which the mitigation of climate change can be addressed, and even here they remain rather small in scale. Some municipalities have sought to shift their reliance on fossil fuel-based electricity provision through national grids through the development of small-scale, decentralized (off -grid) low-carbon or renewable energy systems. One example we fi nd in our case studies is Melbourne, where, in addition to the Council House 2 project already discussed, which involves the production of renewable energy, demonstration photovoltaic cells have been built on the roof of the city center's Queen Victoria Market-providing some electricity for the municipality but also acting as a demonstration project as to what it might be possible to achieve.
Similarly in New Delhi, solar hot water systems have been made mandatory for government buildings, displacing conventional fuels used for this purpose.
Street lighting represents a kind of infrastructure that is the direct responsibility of municipal authorities. One of the most ambitious projects to address mitigation found in our case studies lies in this domain. Over the period 2001-06, under the auspices of the CCP program, Yogyakarta developed a streetlight management program, which involved the retrofi t of 775 light bulbs and the installation of 400 energy meters at a cost of $1.7 million, resulting in an annual saving of 2,051-3,170 tons of carbon dioxide (annual energy savings 4,278,408 kilowatt-hours) and an estimated $211,765 (ICLEI 2004) . In Beijing, a "green lighting" project has been implemented to promote a more effi cient, energy-saving lighting system for the entire city. Similar projects have also been advanced by local authorities across Greater Melbourne, who have in the main found their eff orts frustrated by the private companies involved in providing energy and maintaining the street lighting system, together with the long time horizons (20 years) over which bulbs are replaced. Missing the "window of opportunity" to eff ect change now can therefore result in signifi cant avoidable emissions of GHGs over the next two decades, suggesting that advanced planning and gathering suffi cient political momentum is particularly important in this area of urban governance.
Regulation
Our case studies demonstrate that where regulation is being used to shape the development of urban infrastructures, this is mainly through the use of planning requirements rather than the direct regulation of, for example, water provision or energy services. Several of our case studies have integrated environmental and urban planning in place, particularly with regard to water, urban green spaces, and environmental health (Melbourne, Mexico City, and São Paulo). One example of where the planning system has been used to improve the resilience of a city to climate change is in Seoul and the restoration of the Cheong Gye Cheon River for fl ood-risk management (Kim 1999) . Th e project, which dismantled a highway and allowed the channel to revert back to its original natural course, ran from July 2003 to September 2005, covering 5.84 kilometers and with an estimated cost of 390 billion won (approximately $300 million).
Although the aim of the project was fl ood aversion, benefi ts included biodiversity restoration, decrease in ambient temperature, reduction of health risks on fl oodplains, and increased number of visitors (Pitts and Kim 2005) . More explicitly directed at concerns for climate change have been eff orts to shape the development of coastal areas. Cape Town commissioned a Framework for Adaptation to Climate Change study in 2006 and conducted a comprehensive risk assessment of sea-level rise as a port city in 2008 (CCT 2006 (CCT , 2008a .
Th e 2005 Vulnerability Assessment of Western Cape proposed creation of a 5-meter buff er zone along the coast (Midgley and others 2005) . In Mumbai, climate change is also beginning to have an eff ect on coastal zone planning. In 1991, the union government issued regulations to demarcate coastal areas as coastal regulation zones (CRZs), and restrictions were placed on the nature and extent of development that could take places in such zones. In May 2008, the government issued a notifi cation proposing amendments to the 1991 regulations, which would in eff ect make the restrictions stricter. Because Mumbai lies in one of the CRZs, the 2008 notifi cation, if approved, is likely to improve the management of the coastal resources and to protect the city from extreme weather events.
Provisioning
Until the mid-1990s, many municipal authorities around the world owned their energy generation, water provision, and waste services. In eff ect, they provided utilities for their communities. In this manner, "local governments were able to control the nature of infrastructure development and to infl uence practices of public consumption and waste in such a way as to limit emissions of greenhouse gases" (Bulkeley and Kern 2006, 2245) and potentially to enhance their resilience to the impacts of climate change. With the rising tide of neoliberalism in the utilities sector, many such municipally owned companies in Europe and Australia were sold during the 1980s and 1990s, though in parts of the United Kingdom and United States this took place much earlier, so that the direct provisioning of services has declined (Bulkeley and Kern 2006; Schroeder and Bulkeley 2009 ). Nonetheless, our case studies indicate that municipalities still play a critical role in the provisioning of urban infrastructures and services. Th ese roles include the maintenance of existing systems and the development of new forms of infrastructure.
Water supply is one area of infrastructure maintenance that is critical for both climate change adaptation (in terms of reducing vulnerability to water shortages) and mitigation (given the energy-intensive nature of cleaning and distributing water for drinking and sanitation systems). For example, the Delhi Jal Board, the government agency responsible for water supply in Delhi, has estimated that distribution losses approach 40 percent of the total water supplied, due to leakages and unauthorized use. Th e board is in the process of replacing parts of the water mains because signifi cant portions of the pipelines are 40 to 50 years old. In Cape Town a similar program of water system repair is also under way.
In terms of the development of new infrastructures, policies and projects are few and far between, and attention in our case studies has focused primarily on low-carbon and renewable energy. In Beijing, renewable energy currently provides only 1 percent of the electricity supply. A pilot Guanting Windfarm (fi rst phase) was established to generate electricity and supply electricity to all of the 2008 Olympic Games venues, and 15 more renewable energy pilot villages and 10 to 15 biomass pilot projects are planned. In 2008, the Seoul metropolitan government devised a New Town Development Plan, which aims to build 277,000 new apartments with district heating, estimated to cost $2.6 billion. Although the energy and carbon dioxide savings, and propriety of the process, have been called into question, it demonstrates that making largescale infrastructure changes to the provision of energy are on the agenda in Seoul in a way that is not yet apparent in most of the other case studies included in this report.
Enabling
In the main, strategies for enabling action by communities and stakeholders with respect to urban infrastructures are focused at the level of individual buildings and have already been discussed here. However, our case studies do reveal examples of more comprehensive approaches aimed at reducing the use of resources to tackle issues of poverty as well as energy and water shortages (with consequent implications for climate change mitigation and adaptation). In Delhi, rainwater harvesting is being promoted in the city, and monetary assistance is being given to individuals, resident organizations, and institutions to put in place the required system (GoD 2008). In Cape Town, two innovative schemes have been developed to address the combined eff ects of poverty and resources shortages. Th e city was the fi rst to launch a "poverty tariff ," where 50 kilowatt-hours of free electricity per month was being provided to households using below 400 kilowatt-hours per month on average over the 12 months up to May/June 2008 (CCT 2005 2008b) . To address future water shortages and stressed wastewater treatment rather than climate change, the city of Cape Town devised a Water Conservation and Water Demand initiative, which won an award from the national Department of Water Aff airs and Forestry in May 2008 (CCT 2007; 2008c) . Th e initiative involved installing advanced meters programmed to dispense a pre-agreed-upon amount of water each day, as little or as much as the householder can aff ord. Any unused amount will be carried over to the next day, but once the agreed-upon daily allocation has been reached, the fl ow stops until the next morning (CCT 2007) . By 2009, more than 30,000 water management devices had been installed. Th e city will repair all internal leaks before the meter is set, with the intention of protecting both the consumer and water resources. Th is example does, however, raise concerns about issues of justice and access to resources and whether these should be determined by price alone. Furthermore, with respect to energy, in May 2008, South Africa's ruling part, the African National Congress, agreed that power prices will double to about R 46 cents per kilowatt-hour by 2012. Hence, Cape Town faces considerable challenges as it attempts to juggle energy and water poverty, the rising energy prices demanded by industry, power shortages, and environmental objectives in the future.
Partnership
Across our case studies, two forms of partnership are involved in the urban governance of infrastructures in response to climate change. Th e fi rst involve CDM projects, facilitated through the international climate change agreements and overseen by the CDM board composed of state and nonstate actors. In Delhi, a CDM project was registered in 2007, which processes municipal solid waste to produce fuel that would then be used to generate electricity. Th e project is expected to earn 2.6 million tons of CERs over the next 10 years. In Delhi, at least four other similar projects have applied for registration under the CDM, and in Mumbai, a further project has been registered. Th is type of CDM project is also taking place in São Paulo, with energy being sourced from two of the largest landfi lls in the world, Bandeirantes and São Joao, which receive CDM credits (TCG 2008) . Although Attero São Joao reached its full capacity in 2007, Aterro Bandeirantes continues to receive half of the waste (7,000 tons) from São Paulo every day. At the end of 2008, 7 percent of the city of São Paulo households were supplied by energy generated at both landfi lls. However, Bandeirantes is scheduled to close, and hence the city is planning to transport waste to neighboring municipalities by December 2010, meaning that the energy supplied will also no longer be available (Keith 2007) .
Th e second set of partnership projects take place on a smaller scale and usually involve the private sector working with the municipality to develop new forms of infrastructure rather than in maintaining existing systems or working to improve their resilience for climate change adaptation. Several of these types of projects are taking place in Hong Kong SAR, China, including the HSBC project to install renewable energy in schools and the development of off shore wind farms by two power utilities that are currently under review. Similar strategies to develop the energy base of the city are being developed elsewhere but have reached a more advanced stage. In April 2007, Oh Se-hoon, Seoul's mayor, signed a memorandum of understanding with Korean Midland Power to expand the city's green energy. In Cape Town, to meet its target of producing 10 percent of electricity from renewable energy by 2020, the municipality has entered into a power purchase agreement with the Darling Wind Farm. Th e agreement provided fi nancial and risk assurance for the generator whereby the city guarantees purchase for the next 20 years and plans to sell the green electricity at a premium price (R 22 cents per kilowatt-hour above current electric-ity rates) (CCT 2008b) . However, Cape Town has yet to secure willing buyers. Meanwhile, Darling Wind Farm had not been able to attract investors in view of potential technical and legal complexities in contractual arrangements with the National Energy Regulator of South Africa and the electricity utility Eskom. Th is example shows that as such partnerships scale up from individual buildings to broader scale, the technical, legal, and fi nancial challenges involved can be substantial.
Case-Study Findings and Implications
On the basis of the evidence from the case studies, we now consider the broader implications of our fi ndings for the governing of climate change mitigation and adaptation at the municipal level.
Modes of Governing Climate Change in the Case Studies
Overall, we fi nd across our case studies an increasing engagement with the issue of climate change, though primarily action remains focused on issues of mitigation rather than of adaptation. Given the dominance of cities from the global South in this selection, and the long-running argument that mitigation should be an issue addressed in the North before countries in the global South should take on such responsibilities, this may be a somewhat surprising fi nding. It suggests that climate change mitigation is becoming part of a discourse about the responsibilities of global and megacities, for reasons that we will discuss, despite the continuing international confl icts over what "common but differentiated responsibilities" might entail.
In terms of the sectors covered, we can see that action for climate change mitigation is taking place across the built environment, transport, and urban infrastructure domains, but that action for climate adaptation is primarily related to infrastructures and that both are usually as a side benefi t of policies to address issues of air and water pollution, green space, and urban development more broadly. In contrast with previous studies based on cities in the North that have suggested that self-governance and enabling modes dominate urban responses to climate change, our case studies suggest that regulation and provision, together with partnership initiatives led by other actors, are also important. Th e use of the regulation and provision modes in the transport sector is particularly prominent; although even in regard to the built environmentwhere self-governance and enabling modes might be easier to implementregulation still has an important role.
In terms of the specifi c focus of policies and measures, as has been found in other research, eff orts with respect to energy effi ciency dominate (Bulkeley and Kern 2006) . As Rutland and Aylett (2008, 636) have argued in the analysis of the development of climate change policy in Portland, Oregon, energy effi ciency is a particularly powerful mobilizing device because it can "advance diverse (and oft en divergent) goals in tandem, " serving to translate various interests into those concerning climate change and eff ectively forging new alliances. In our case studies, concerns over energy security and the economic benefi ts of energy savings are serving to push energy effi ciency actions up the climate change agenda. At present, this eff ort appears primarily directed toward corporate and government buildings rather than the domestic housing stock, which suggests that our case studies refl ect a diff erence in approach from that which dominates municipalities in Australia, Europe, and North America where interventions in the domestic sphere have been much more common. Th is focus could bring a distinct politics to energy effi ciency in the built environment in cities in the global South, resting more on the involvement of corporate partners and their corporate social responsibility agendas than the involvement of individual householders, refl ecting a diff erent "geography" of responsibility for emissions reductions in these places. With respect to urban infrastructures, notable mainly for their absence in the eff orts to date to mitigate climate change across these case studies are initiatives to promote or develop sizable renewable energy installations. Th is may refl ect the fi nding by Lasco and others (2007, 17) that a "discourse of unrealism" with respect to renewables that is more extreme than is warranted appears to have taken hold and be widely accepted. Also in contrast with research on cities in other parts of the world, attempts to address GHG emissions from the transport sector are more common than might be expected, though here the predominant motivations are addressing air quality and health concerns and reducing congestion. Nonetheless, potential is seen for considerable side benefi ts in terms of reductions of GHG emissions to be realized as municipalities in the global South seek to tackle this most prominent of local environmental concerns.
Drivers for Action
In common with previous research, our case studies suggest that the four factors of leadership, the authority of local governments, resources, and issue framing have been critical drivers for climate policy and action.
In terms of leadership, we fi nd that individual political champions, such as the mayor of Yogyakarta, have been important in terms of driving initiatives forward. More important, though, have been opportunities for the municipality to display "global" leadership on issues of climate change and environment. In three of our case studies (Beijing, Cape Town, and Delhi), the window of opportunity created by global sporting events has been used as a vehicle for promoting action on climate change within the city. In Seoul, membership in the C40 network and the forthcoming meeting in May 2009 were also seen to be important in galvanizing action. Such "trigger events" provide the motivation, and physical opportunity, for intervening in the urban landscape (for example, transportation systems, housing) to address climate change.
We found that adaptation measures oft en get adopted only in response to specifi c local or regional natural disasters, which may or may not be climate related. For example, in Mumbai, aft er the 2005 deluge fl ooding, the Greater Mumbai Disaster Management Plan was revised in 2007, strengthening the Municipal Corporation of Greater Mumbai's Disaster Management Committee and raising disaster preparedness of the city (Gupta 2007) . In Yogyakarta, the 2006 earthquake highlighted the lack of government management capacity and understanding of disaster response. Consequently, a Disaster Management Bill and a National Action Plan for 2007-09 were enacted (Hadi 2007b) . At the local level, Yogyakarta's provincial and local agencies conducted a damage loss assessment and formulated a local action plan, including regulatory, institutional, and funding frameworks and recognizing the need to enhance institutional capacity and networks among government, the private sector, and civil society (Hadi 2007a) .
With regard to the authority of municipal governments, the impetus of national government action (in China and Korea, in particular) has been an important factor in creating the political space for local government action on climate change. Municipalities that have a broader range of competencies (such as for street lighting or the provision of public transport) have been able to intervene across the diff erent modes of governing for climate change, whereas those with more restricted authority have had less scope to become directly involved.
Seoul is one case study in which numerous signifi cant initiatives have taken place, made feasible partly by the availability of funding. In August 2007, Seoul expanded the scope of the City Gas Business Fund to a broader climate change fund with a goal to raise more than $100 million by 2010 to fi nance research, technological development, and mitigation projects; to support renewable energy; to improve energy accessibility to the poor; and to promote energy-effi cient appliances (SMG News 2008) . Th e country's private sector also raised six funds totaling about $100 million in 2007 for climate change purposes (Oh 2008) . Such resources are scarce among our case-study cities. One means through which additional resources have been garnered is the CDM, with projects in the transport and infrastructure sectors in Delhi, Mumbai, and São Paulo. Th is suggests that the CDM could be an important mechanism for addressing climate change in cities in the future.
Issue framing has also been important. We earlier outlined the importance of both "localizing" climate change and "issue bundling," both strategies that serve to make climate change an important issue on local agendas and that cuts across other (priority) sectors. Our case studies suggest that issue framing has been very important in moving climate action forward: fi rst, with respect to energy security, energy effi ciency, and fuel poverty, which have proved to be driving factors in almost all the case studies, and second, with respect to air quality and health, which have provided the impetus for action in the transport sector in all of the case studies. Th e exception in both cases is Melbourne, which is located in a region with abundant coal resources and where issues of local air pollution, although important, have not served to drive climate change action.
Barriers
Th e factors that have driven climate change action in some of our case studies-opportunities for leadership, the authority to tackle the issue, access to resources, and issue framing that has attracted political support-can also serve to hamper eff orts for governing climate change in cities. Th is may account for why climate change adaptation is relatively low on the agenda, with few opportunities to demonstrate leadership (repairing water systems is hardly headline grabbing), a lack of an explicit remit to address climate adaptation, limited access to resources to repair infrastructure systems or enhance the resilience of the urban environment, and an absence of issue framing that has linked adaptation to pressing urban social, economic, and environmental issues. It also explains why some cities-such as Mumbai in our case-have to date taken little action to mitigate climate change. In the midst of other pressing environmental, health, and economic concerns, the issue does not have the traction or the support required to ensure that it is on the urban agenda.
In addition, however, we fi nd one other obvious set of issues that have acted as a barrier to further action at the municipal level: the relation between continued fossil fuel use and economic growth. In most of our case-study cities, demands for travel and energy consumption are increasing exponentially, and the majority of these needs will be met through the continued provision of fossil fuel-based energy.
Lessons
By disaggregating urban climate change governance across diff erent sectors and in relation to the diff erent "modes" of governing employed, we can identify specifi c lessons from the built environment, transportation, and urban infrastructures that may be applicable beyond the case studies considered here. As has been noted earlier in this chapter, the cases from which these lessons are derived represent a particular subset of cities in rapidly industrializing countries and in which there is both a capacity to govern at the urban level and a growing impetus to address climate change. Th e relevance for cities in low-income countries or where urban governance capacity is virtually nonexistent will therefore be limited.
Built environment
1. Energy conservation is a critical local "hook" for municipal action on climate change, and the built environment is a key sector in which such approaches can be put into action. Signifi cant opportunities exist to pursue this agenda, especially in the commercial sector.
2. Municipal governments have the capacity to go beyond national building standards and to adopt additional means of regulating energy use in the built environment. Forms of "soft " regulation can be eff ective in this regard.
3. Municipal governments have various means of enabling action by stakeholders and communities in reducing energy use in the built environment through the provision of information, recognition, and reward for achievement.
4. Stakeholders outside local government are important drivers of action in this sector. Th is is particularly the case in the commercial built environment. Potential is seen for further partnership work and for action on climate change mitigation and adaptation in the absence of signifi cant municipal capacity for climate governance.
Transportation
1. In the transportation sector, action on climate change benefi ts from a strong link to issues high on the agenda of rapidly expanding cities-air pollution, congestion, sprawl-but is reliant on the planning and governance capacity of municipalities as well as the availability of funding from national governments or external agencies.
2.
Municipalities have been able to use various forms of regulation, predominantly concerning effi ciency and emissions standards but also relating to behavioral change, to address transport issues in ways that could have benefi ts for GHG emissions.
3. Municipal provision of low-carbon transport infrastructures is another key means through which local governments can combine local priorities and climate change agendas.
4. Our cases also suggest that a number of incentives are available that municipalities can deploy to achieve behavioral change, though these are underdeveloped compared with regulatory and service provision modes of governing.
Urban infrastructure
1. Primarily, addressing climate change is a marginal issue in the development and maintenance of urban infrastructures, and any benefi ts that arise in terms of mitigation and adaptation are incidental.
2. Street lighting is one important arena in which municipal governments have been taking action to reduce energy use and save money, but this requires signifi cant investment, and the timing of intervention is crucial.
3. One case, that of Cape Town, shows that addressing climate change in terms of reducing energy use and securing water supplies can go hand in hand with development goals of meeting basic needs, but this faces considerable challenges in a context of rising energy costs and inadequate infrastructure provision.
4. Th e availability of carbon fi nance-in the form of CDM projects and voluntary off setting schemes-may provide a resource that municipalities can use to deliver low-carbon infrastructures and meet sustainability goals, but the potential impacts of such programs on diff erent sectors of society will need to be carefully considered.
Conclusions
Our review of the evidence on urban climate change mitigation and adaptation strategies found a strong bias toward the former, a history of engagement primarily by cities in the North, and a focus on issues of energy conservation. Although there is evidence of a new "wave" of urban climate change response, encompassing a broader geographical range of cities and placing adaptation on the agenda, the emphasis remains on mitigation in both research and policy. Our case studies confi rmed this fi nding, with evidence of action to mitigate climate change across the built environment, transportation, and urban infrastructure sectors, whereas action on climate adaptation has remained marginal and is usually a secondary impact of policies designed to tackle other urban problems. We found evidence that municipalities are deploying multiple modes of governing climate change, with more emphasis on regulation and provision than is the case in many cities in the North, and that there is evidence, especially with respect to the built environment, that urban responses to climate change are being undertaken by other stakeholders. Across all three sectors, concerns for energy effi ciency-rather than the provision of alternative sources of energy or demand management-dominate.
In terms of the key drivers and challenges for climate change at the urban level, our literature review and case-study research concur that the key factors shaping responses to mitigation are the following:
• Eff ective policy entrepreneurs • Municipal competencies in critical areas such as transportation, infrastructure, energy. and planning policy • Access to additional fi nancial resources, and fl exibility in their deployment • An enabling policy framework at national and regional levels • Th e fi t between jurisdictional areas and problem boundaries • Th e ability to engage partners to achieve action beyond the municipality • Th e knowledge and resource capacity, as well as political support, generated by networks and partnerships • The reframing of climate change as an issue of local importance and the absence of conflict between addressing climate change and other local priorities.
In terms of adaptation, we fi nd the following key factors:
• Availability of data and information about local impacts from climate change • Good governance • Access to fi nancial and human resources provided by the national government or international donors • Coordination of policies and measure across both local agencies and levels of government • Empowerment and training of civil society to help strengthen service provision, environmental management, and the livelihoods of the most vulnerable people • Nurturing a sense of readiness for disaster emergency.
In part, the diff erences in the drivers and the challenges faced refl ect the different type of city upon which the research base has been built. In relation to climate change mitigation, our case studies and most of the available evidence, relate to cities that have at least a minimal level of governance capacity and oft en quite signifi cant resources for regulating, providing services, and enabling stakeholder engagement. In low-income countries and cities with minimal if any urban governance capacity, the challenges of addressing climate change are of a diff erent order. Th is is refl ected in our review of urban responses to adaptation in which the literature stresses the importance of basic governance functions and the provision of infrastructure to meet basic needs. Nonetheless, our case-study fi ndings suggest that even where governance capacity exists, climate change adaptation remains marginal. We suggest that this could derive from the relative lack of action by transnational networks on climate adaptation to date, a lack of opportunities for leadership, limited knowledge on which to base decisions, a lack of resources for the provision and maintenance of infrastructure systems, and an absence of issue framing that has linked adaptation to pressing urban social, economic, and environmental issues, with the result that adaptation has limited traction or support on a local scale.
Notes
